Introduction
The greenhouse gas emissions from different sources present the problem that must be resolve to decrease air pollution and global warming [1] . Much effort regarding energy savings has been spent so far, due to large environmental problems [2] and because of limited energy sources [3] [4] [5] [6] . From another point of view, according to the European Energy and Climate Change Policy and its targets for the year 2020, different options and solutions are searched in the way how to lower CO 2 emissions. One of the opportunities is exploitation of geothermal potential for different proposals, such as heating greenhouses [7] .
The geothermal potential is very large in Southeastern Europe, especially in Slovenia, Hungary, Croatia, Bosnia and Herzegovina, Serbia, Bulgaria, etc. [8] . The solutions for heating greenhouses in which different plants are produced during the entire year are compared if the same greenhouse, made of 4 mm toughened single glass is placed in two different locations in Southeastern Europe. The first location is in north-east Slovenia and the second one is Macva district in Serbia. Furthermore, the study is based on regional climatic parameters for both locations and also on different geothermal potential, taking into account different economic conditions for each country. Energy demands are calculated and economic evaluation is done if different heating systems are implemented. Moreover, different scenarios are presented if the greenhouse roof is replaced with double insulated glass, or polycarbonate plates.
-------------- 
Geothermal potential in Slovenia and Serbia
The geothermal potential in Southeastern Europe is very large [8, 9] , that is way the comparison of the solutions for heating greenhouses are presented. The evaluation is done for the greenhouse in which vegetables are produced during the entire year if the same greenhouse is placed in two different locations.
Slovenia
The areas with geothermal potential are geologically younger structure at the northeast of Slovenia. Due to the latest data, there are 79 boreholes with aggregate flow of 1,500 L per s and total 140 MW t of power. At the far north-east of Slovenia two geothermal sources are available: -low temperature source (temperature 50 to 70 °C), and -high temperature source (temperature 180 to 200 °C)
Geothermal water from the mentioned sources is used in spas, for district heating systems, greenhouses and in medical centres. The total flow is equal to 115 kg per s with 12 MW of power. The temperature distribution for different depth, 500 m ( fig. 1a) , and 3,000 m ( fig. 1b) is represented for the north-east part of Slovenia. 
Serbia
The Macva region is placed at the western part of Serbia. The total area of this region is approximately 2,000 km 2 . The area topology is mostly flatland with average altitude between 80 and 100 m. The Macva region is known for its geothermal potential and there are several boreholes available, their properties are presented at tab. 1. 
Characteristics of greenhouses
Ensuring suitable climatic parameters in the greenhouses is one of the basic goals for successful plants growing; consequently heat demands are extremely large. In order to adjust to the environmental temperature changes the heating system is automatically regulated. The location together with heating and cooling needs should be taken into consideration when construction material for greenhouse is chosen. In order to determine heat losses, the material properties have to be known, which are for specific materials presented in tab. 2.
The greenhouse annual energy consumption is strongly dependent on annual heating hours. The heating hour must be taken into consideration if outside air temperature is below 16 °C. In order to calculate annual heat demand of the greenhouse, following parameters should be considered: -average month temperature (t p ), -the daily increment of global emissivity (H g ), -the amount of energy aimed for heating, and -the greenhouse heat demand.
The monthly energy demands are calculated considering the heat flow, which leaves the greenhouse as the heat loss. The greenhouse with floor area of 43,920 m 2 is considered. The average month temperature is considered the lowest temperature. The minimal temperature of the greenhouse is 16 °C during all day, taking into consideration all days in the month. The energy of sun radiation together with heat demands of the greenhouse (GH) are represented for both locations in tabs. 3-6 only for those moths, where energy deficits (energy surplus are marked with minus) are. HTHP [6, [13] [14] [15] are devices that ensure high added-values, and contribute to lower energy dependence. Their usages are possible in all industrial areas with low-temperature waste-heat sources of different fluids [16] . They ensure economically and environmentally effective usages of low-temperature energy sources, in order to improve specific energy usages in processes. Nonetheless, the emission of carbon dioxide is also decreasing because the fossil fuel usage is decreasing. The development of HTHP enabled the usage of lowtemperature renewable and non-renewable energy sources for high-temperature heating or during the technological processes. The heat-pumps were used mainly for cooling purposes, whilst their usages for district heating systems were limited to low-temperature systems (up to 60 °C). Novel developments enabled usage of low-temperature heat sources (up to 55 °C), for high-temperature heating systems (up to 85 °C).
The efficiency of HTHP is determined using coefficient of performance (COP), which represents the ratio of the produced heating energy and consumed energy for the compressor operation. The heat capacity of the evaporator shows how much energy is taken from a lowtemperature energy source, whilst the heat capacity of the condenser shows the energy gained for heating systems. The electricity consumption of a compressor equals the energy needed for compressing the refrigerant, which is a substance with special physical characteristics [15] .
Operating characteristics of 9.7 MW HTHP regarding the needed water tem- fig. 2 and fig. 3 , showing the results for various operating conditions using R717 (NH 3 
Greenhouse energy demands and preliminary economic evaluation
Two locations for the greenhouse heating system upgrade were compared in terms of economic performance. The following assumptions were considered during the economic analysis: -both greenhouses already exist and are made of 4 mm toughened single glass, -both greenhouses currently use gas boilers for heating purposes, with an efficiency of 0.95, -the average solar irradiation is the same for both locations, and the whole is effectively utilized, -the average solar irradiation is calculated on the ground plan of the greenhouse, -prices of electricity and natural gas are 0.1 EUR per kWh, and 56.8 EUR per MWh, respectively for both locations, -boreholes in Slovenia are 1,500 m in depth and price for drilling is 1,000 EUR per m; each exploitation borehole has a yield of 20 L per s of geothermal water with a temperature of 60 °C, -boreholes in Macva region in Serbia are 700 m in depth and price for drilling is 700 EUR per m; the exploitation borehole has a yield of 37 L per s of geothermal water with a temperature of 80 °C, -geothermal water is first used in a heat exchanger, where it is cooled to 45 °C; in order to exploit the remaining potential of the geothermal water (45 °C), it is used as the lowtemperature heat-source in a series of high temperature heat pumps, -the electricity consumption for geothermal energy utilization is neglected, -the geothermal water has average composition and no specific material is needed, -the specific CO 2 emission of natural gas is 0.2 kg per kWh [17] , and -the specific CO 2 emission from electricity market in Slovenia is 0.376 kg per kWh and in Serbia 0.666 kg per kWh [18, 19] . The needed heat demands that are dependent on the outside air temperature and solar radiation were calculated from the data in tab. 3-6. The heat consumption was calculated from the climatic data for both locations obtained from [11] . Different options were calculated for each material, depending on the location of greenhouse.
Slovenian case
The greenhouse made of 4 mm toughened single glass, which use the boiler system on natural gas for heating, was used for the comparison. The greenhouse floor area is 43,920 m 2 , and it is assumed that the roof area is the same size. Heat demands for such greenhouse would be 17,735,289 kWh per year, and costs for heating at the current prices of natural gas would be 1,061,170 EUR per year. Nine different scenarios were calculated for example, if the heating system is changed and also if the greenhouse is constructed from different material. The scenarios were economically evaluated (tab. 7) and results are presented on fig. 4 . 
Figure 4. Solutions for different scenarios -Slovenian case

Serbian case
The same evaluation as it was done for Slovenian case was also calculated for different scenarios in Serbia. Heat demands for such greenhouse in Serbia would be 19,263,772 kWh per year, and costs for heating at the current prices of natural gas would be 1,149,657 EUR per year. Different scenarios were calculated; economically evaluated (tab. 8) and results are presented on fig. 5 . 
Figure 5. Solutions for different scenarios -Serbian case
Discussion
The monthly heat demands were calculated for Slovenian and Serbian greenhouse made of 4 mm toughened single glass with floor area of 43,920 m 2 . Results are presented only for January, February, March, November and December, where the average month temperature and average daily increment of global emissivity were taken into account. The results in the tab. 4 show the needs for additional heating in each month for Slovenian case, while in Serbia the surplus of energy would be in March. According to tab. 4 and 5 energy demands are decreasing if better insulation material is used.
Furthermore, for each location different heating systems with different construction material were analysed (tab. 7 and tab. 8). The implementation of new double insulted windows and existed boiler system would be the best solution from economic point of view for Slovenian example, while the payback period would be 5.51 year. But according to environmental and economic aspects, where solutions with the lowest fossil fuels usage are searched, the best solution would be greenhouse with polycarbonate plates and heating system with two HTHP, two boreholes and boiler. The payback period would be slightly higher. The implementation of double insulated glass and heating system with one HTHP and two boreholes would be most environmental friendly solution for Slovenian case.
The results in Serbia are different ( fig. 5 ) and the shortest payback time would be for the scenario with existed material and heating system with two boreholes and one HTHP, but from the environmental aspect the best scenario would be the implementation of three boreholes in existed greenhouse, where no additional heating would be needed. It could be concluded that Serbian area is more favourable for greenhouses with integrated geothermal energy due to lower drilling costs and higher geothermal heat potential.
The amount of CO 2 emissions is different for different scenarios (tab. 9 and tab. 10). According to the assumption that the greenhouse already exists and is heated by natural gas it is calculated that the emissions would be in the amount of 3,547 t CO 2 per year for Slovenian case study and 3,853 t CO 2 per year for Serbian case study. 
Conclusions
The Southeastern Europe has great opportunities in the area of renewable energy sources, because the geothermal potential is available and it is very large in some regions. On the other hand different solutions for greenhouse heating are searched while on one side the demands for different plants are increasing through the entire year and on the other side the solutions for lowering CO 2 emissions are searched to achieve the target regarding reduced energy production from fossil fuels.
This study presents the comparison if the same greenhouse made of 4 mm toughened single glass is placed in Slovenia or in Serbia, where different options for geothermal potential exploitation are taken into account and also different climatic parameters are included.
